Background and objectives Survival, symptom burden, and quality of life (QOL) are uncertain for elderly patients with advanced CKD managed without dialysis. We examined these outcomes in patients managed with renal supportive care without dialysis (RSC-NFD) and those planned for or commencing dialysis.
Introduction
Perhaps the most difficult clinical decision faced by nephrologists today is whether their elderly patient (arbitrarily defined as age .70 years) with advanced CKD is likely to benefit from dialysis (1) . Half of all dialysis patients in Australia are aged .65 years and 26% are aged $75 years (2) . Similarly, the fastest-growing incident group receiving dialysis comprises individuals aged .75 years in the United States (3) and 65 or older years in the United Kingdom (4) .
Unfortunately, survival of elderly dialysis patients is generally worse than that for most cancers (5) (6) (7) . The most common cause of death on dialysis in Australia appears to be withdrawal for psychosocial or progressive medical reasons, particularly for patients aged .65 years (2) , suggesting that the initial choice of treatment may have been suboptimal for many patients. Their symptom burden on dialysis is high (8) , quality of life (QOL) is often poor, and the social effects of dialysis on elderly individuals are great, particularly for those in nursing homes (9) .
Rosansky stated that "the decision to initiate dialysis should be a joint decision made by patients and their nephrologists, after full disclosure of the potential harms and benefits of dialysis vs. non-dialysis management" (10) . Nephrologists may struggle to have these conversations (11) , partly due to the relative lack of data concerning the likely trajectory of patients when dialysis is not utilized.
To aid these discussions, we examined the survival of elderly patients not planned for dialysis and whether they could be provided with reasonable QOL and control of their symptoms.
Materials and Methods
We conducted a single-center prospective observational study in patients with CKD (stages 4/5) between March 2009 and March 2013, including the Strengthening the Reporting of Observational Studies in Epidemiology recommendations for reporting observational studies (12) , approved by the South Eastern Sydney Human Research Ethics Committee (HREC/10/STG/121). Patients gave written informed consent.
Patients were recruited consecutively between March 2009 and March 2013 from the time that they attended the clinic or commenced dialysis as follows: (1) patients referred to a predialysis clinic with a planned future dialysis pathway, (2) patients referred to the renal supportive care (RSC) clinic planned for a nondialysis pathway (RSC-NFD), and (3) additional patients who commenced dialysis during this time period without attending the predialysis clinic either due to late presentation with ESRD (the stage when dialysis or transplantation is required to sustain life) or failure to attend despite referral. These patients are referred to as the "other dialysis" group.
Renal Clinics
The predialysis clinic is an education clinic where patients learn about ESRD and the process of dialysis, and is staffed by a senior nephrology nurse; patients' progress is tracked after the first visit to this clinic and their dialysis plans are discussed when their eGFR falls below 15 ml/min per 1.73 m 2 . Patients receive usual nephrology care from their individual nephrologist in addition to attending this education clinic.
The RSC clinic is staffed by a palliative care specialist and a senior renal/palliative care nurse; additional support is provided by a dietician and social worker as required. At this clinic, a formal symptom inventory, the Palliative care Outcome Scale -Symptoms (POS-S) (renal) inventory, is collected at each visit and care is focused on management of symptoms as well as advance care planning, discussions with patients and their families about the likely trajectory of a nondialysis pathway, and nursing support between clinics to assist patients and their families. The RSC clinic caters to a largely elderly population; on occasion, visits are conducted at the patient's home with further support by phone calls between visits. This clinic is provided separately from and in addition to the patient's usual nephrology care.
The decision to recommend dialysis or a nondialysis pathway was that of the individual nephrologist in conjunction with the patient and his or her family, aiming for a shared decision (13) (14) (15) .
Measures
Baseline data included age, sex, comorbidities, diabetes, smoking status, dementia, height, weight and body mass index, primary renal diagnosis, eGFR calculated by the Modification of Diet in Renal Disease formula, creatinine, albumin, hemoglobin, calcium, phosphate, nutritional status using the subjective global assessment scale (16) , and planned mode of dialysis. Comorbidities included ischemic heart disease (IHD) or cardiac failure (CHF), cerebrovascular or peripheral vascular disease, chronic liver or lung disease, diabetes, and dementia; these data were obtained from the patients' medical records and from discussions with their nephrologist. Cause of death was established from medical records and/or discussion with the patient's physician.
Symptoms were assessed in all patients using the validated Memorial Symptom Assessment Scale (MSAS-SF) survey (17) , as well as by the POS-S (renal) form only for those in the RSC-NFD group. QOL was assessed in all patients using Short Form-36 (SF-36) (18) . Patients in the "other dialysis" group had no assessment of symptom burden or QOL because they did not attend either clinic predialysis.
eGFR was repeated every 6 months, along with repeat assessment of symptom burden by the MSAS-SF and QOL by the SF-36 survey tool.
Statistical Analyses
The primary outcomes of interest were as follows: (1) survival (time to death and the percentage 12-month survival), and potential confounders and effect modifiers were examined including age $75 years, survival from the time eGFR fell below 15 ml/min per 1.73 m 2 , and survival according to comorbidities; (2) maintenance or improvement of symptoms over 6 and 12 months; and (3) maintenance or improvement of QOL over 6 and 12 months.
Data were collected on patients only after they had decided which clinical pathway they would pursue.
Continuous variables were compared using t tests or Mann-Whitney tests as appropriate. Data are presented as the mean (SD) or median (interquartile range [IQR]); median values could not be computed for survival in the predialysis group. Categorical variables were compared using chi-squared testing. Survival was estimated by the Cox proportional hazards model adjusted for age, sex, diabetes, and IHD. Baseline factors potentially influencing survival were tested using logistic regression in univariable analysis and those significant by step-wise multivariable analysis (19) . We included comorbidities as variables to test for influence on survival because both Murtagh et al. (20) and the Renal Physicians Association (RPA) recommendations (13) listed "high comorbidity score," particularly IHD, as a factor portending poor survival. Change in symptoms or QOL over time were categorized as stable, improved, or worse and were compared by chi-squared testing. The level of significance was 0.05 and analyses were undertaken using SAS statistical software (version 9.2).
Results
We studied 467 patients, 37% of which were women, including 122 on a nondialysis pathway (RSC-NFD) and 273 who attended the predialysis clinic, 92 (34%) of whom underwent dialysis (n=55 on hemodialysis and n=37 on peritoneal dialysis; mean age 63 years) after an average of 9 months (Figure 1) . A further 72 patients (mean age 69 years) who had not attended the predialysis clinic ("other dialysis" group) also commenced dialysis in this period (n=45 on hemodialysis and n=27 on peritoneal dialysis). Thirty-three patients (11%) who initially attended the predialysis clinic with the intent of having dialysis changed their mind after dialysis education and were managed in the RSC clinic. Data were not collected on any patient until the individual had decided upon his or her clinical pathway. Only two (1.6%) patients in the RSC-NFD group were converted to a dialysis pathway.
Comparison of Baseline Data
RSC-NFD patients were on average 15 years older than the predialysis group (82 versus 67 years; P,0.001) but had similar initial eGFR (16 ml/min per 1.73 m 2 ; P=0.92) ( Table 1) . They also had more dementia and two or more comorbidities (57% versus 40%; P=0.001). Only 34% were well nourished, compared with 63% of the predialysis group (P=0.01). There were no differences in the proportion with diabetes or corrected calcium, phosphate, parathyroid hormone, or serum albumin; however, patients in the RSC-NFD group had lower hemoglobin and more vascular disease. Mean eGFR was 9 (4) ml/min per 1.73 m 2 in patients commencing either hemodialysis or peritoneal dialysis.
Survival
Median follow-up was 16 months (IQR, 7-26) in the predialysis group (n=273) and 10 months (IQR, 4-21) in the RSC-NFD group. Within the predialysis group, death rates were similar among those who progressed to dialysis (11%) and those who did not (10%). Death rates were higher in the RSC-NFD group than in predialysis patients (56% versus 11%; P,0.001) or the "other dialysis" group (56% versus 38%; P,0.001).
Mean adjusted patient survival was 33 months (95% confidence interval [95% CI], 32 to 34) in the predialysis group (n=273), 34% of whom started dialysis, and 20 months (95% CI, 17 to 23) in the RSC-NFD group (n=122) (P,0.001) (Figures 2 and 3 ). Median survival was 16 months (IQR, 7, 39) in the RSC-NFD group.
Survival was greater within the predialysis group than the RSC-NFD group both for those who required dialysis (hazard ratio [HR] for death, 0.30; 95% CI, 0.13 to 0.67; P=0.003; n=92) and for those who did not require dialysis (HR for death, 0.23; 95% CI, 0.12 to 0.41; P,0.001; n=181). Survival for dialysis patients who had not attended the predialysis clinic was not statistically different from that of the RSC-NFD group (HR for death, 0.60; 95% CI, 0.35 to 1.03; P=0.06; n=72). Cause of death was primarily renal failure in patients in the RSC-NFD group and cardiac failure in the predialysis group ( Table 2 ). The five "renal" deaths in the planned dialysis group were in patients who decided at the end of their illness not to proceed with dialysis despite that having been their intended pathway until then. For patients aged .75 years, mean survival was 19 months (95% CI, 16 to 22) for the RSC-NFD group (n=105), 31 months (95% CI, 28 to 34) for the predialysis group (n=92), and 34 months (95% CI, 29 to 39) for all dialysis patients (n=55) (P,0.001).
One-year survival was 93% in the predialysis group, 53% in the RSC-NFD group, and 81% in the "other dialysis" group. Within the RSC-NFD group, 13 of 41 patients (32%) with an eGFR,10 ml/min per 1.73 m 2 survived longer than 12 months.
Over the time of this study, 11 (7%) dialysis patients withdrew from dialysis (all from the "other dialysis" group), which constituted 30% of deaths in dialysis patients.
Mean survival from eGFR,15 ml/min per 1.73 m 2 was 13 months (95% CI, 9 to 16) in the RSC-NFD patients (n=53) and 20 months (95% CI, 19 to 21) in the predialysis group (n=118; P,0.001). For patients who reached an eGFR,15 ml/min per 1.73 m 2 and were aged .75 years, adjusted risk of death remained higher in the RSC-NFD group (n=63) than in the predialysis group (n=45) (HR, 4.4; 95% CI, 2.21 to 8.88; P,0.001). Similarly, those in the RSC-NFD group with eGFR,15 ml/min per 1.73 m 2 with two or more comorbidities (n=37) had higher risk of death than patients in the predialysis group (n=58) (HR, 6.1; 95% CI, 2.9 to 12.5; P,0.001). However, there was no statistically significant survival difference between all dialysis patients (n=18) and the RSC-NFD group (n=52) when analysis was restricted to patients aged .75 years who had two or more comorbidities, at least one of which was CHF or IHD (HR for death, 0.48; 95% CI, 0.21 to 1.09; P=0.08).
Factors Associated with Survival
In univariable analysis of all patients, factors significantly related to survival were age, weight, body mass index, hemoglobin, serum albumin, corrected calcium, serum creatinine, having any comorbidity, and being in the RSC-NFD group. In multivariable analysis, there was a small influence of age and lower serum albumin, a larger influence of eGFR,15 ml/min per 1.73 m 2 , and the main factor associated with lower survival was choosing to follow a RSC-NFD pathway (odds ratio, 6.4; 95% CI, 3.0 to 13.5; P,0.001).
The presence of two or more comorbidities at baseline was associated with a higher death rate in the combined dialysis group (HR, 2.30; 95% CI, 1.17 to 4.54; P=0.02) but not in the RSC-NFD group (HR, 1.16; 95% CI, 0.71 to 1.88; P=0.56). Within RSC-NFD patients, those with CHF (n=44) had a higher death risk than those without (HR, 1.7; 95% CI, 1.04 to 2.8; P=0.03) but IHD did not increase risk (P=0.11).On the other hand, IHD conveyed a worse outcome in all dialysis patients (HR, 4.9; 95% CI, 1.3 to 4.9; P=0.01).
Symptom Control
The response rate for the MSAS-S survey form was 49% in the predialysis group and 55% in the RSC-NFD patients, with no statistically significant differences in baseline demographics between those who returned surveys and those who did not (Supplemental Table 1 ). The number of symptoms and the symptom score were greater at the initial visit in the RSC-NFD patients although patients in the predialysis group had a substantial number of symptoms (Table 3) .
MSAS assessments were available for comparison with baseline after 6 months in 84 patients (31%) in the predialysis group and 45 patients (33%) of the RSC-NFD group; corresponding data at 12 months were 48 patients (18%) and 23 patients (17%), respectively. Symptoms were stable or improved in 41%-56% of patients over time and there was no difference in the proportion achieving stability or improvement between groups (Table 3) . Data concerning symptom control were available in 98 of 122 patients within the RSC-NFD group as assessed by the POS-S (renal) assessment. There was no significant difference in the initial symptom score between those who died in the following 6 months [mean score 20 (10) ; n=14] and those who did not [mean score 17 (10); n=84; P=0.24]. Over two thirds of patients in the RSC-NFD group achieved improvement in their symptom burden by 6 and 12 months (Table 3) .
QOL
The response rate for the SF-36 form was 51% in the predialysis group and 56% in the RSC-NFD patients, with no statistically significant differences in baseline demographics between those who returned surveys and those who did not. Physical but not mental health QOL was worse in those in the RSC-NFD group than in the predialysis group at the initial visit (Table 3) .
Physical QOL was maintained or improved after 12 months in under half of each group, whereas mental health QOL was maintained or improved in just over half of each group (Table  3) . There was no correlation between stable/improved or worsening symptoms or QOL and stable or worsening eGFR.
Discussion
In this prospective observational study, we found that elderly patients with advanced CKD managed via a nondialysis pathway that includes renal supportive care as well as usual nephrology care survived a median of 16 months with a 53% 1-year survival from the time of referral to a RSC clinic with mean eGFR of 16 ml/min per 1.73 m 2 . During this time, the majority of patients had improvement in their symptoms by utilizing the skills of a palliative care team. These patients had a lower survival than (younger) patients attending the predialysis clinic but there was no significant difference in their adjusted survival compared with dialysis patients who had not attended the predialysis clinic. Considerations in recommending dialysis to elderly patients have been addressed by the RPA (13) and others (1, 5, (21) (22) (23) (24) (25) (26) . Because our nephrologists broadly use these considerations, it is not surprising that patients managed in the RSC clinic were not only older but also had more comorbidities and poorer nutrition. A major factor related to survival was being referred to the RSC clinic; presumably, this finding relates to the broader and less tangible considerations of nephrologists, these patients, and their families in choosing to be managed without dialysis.
Survival
The survival of a median 16 months and 53% 12 month survival in our RSC-NFD group is within the range reported by O'Connor et al. (27) and others (20, (28) (29) (30) (31) (32) (33) . Hussain and colleagues (34) retrospectively analyzed outcomes of 172 patients aged .70 years managed via a nondialysis pathway and 269 who were planned for dialysis. They found similar survival as we did in those managed without dialysis and noted that although overall survival was greater in those planned for or receiving dialysis, this advantage was lost for patients aged .80 years if they had poor functional status or high comorbidity. Murtagh et al. (20) and Chandna et al. (29) previously showed in retrospective analyses that survival was a median of 18-21 months in conservatively managed patients and that significant comorbidity offset the survival advantage of dialysis. However, we still observed a survival advantage in patients selecting dialysis provided that they had been through our predialysis program. The survival advantage for all dialysis patients seems to be lost for patients aged .75 years with two or more comorbidities if at least one of these was heart disease, similar to the findings of Murtagh et al. (20) , although the number of dialysis patients in this category was small.
To the best of our knowledge, this is the largest study with prospectively collected data and defined outcomes in patients managed without dialysis; our mean survival of 20 months is similar to that of Wong et al. (33) , who studied 79 patients from the time a decision was made not to pursue a dialysis pathway. Not surprisingly, this survival is less than that of the general Australian population who at age 82 years can be expected to live a further 7.5 years for men and 8.9 years for women (Australian Bureau of Statistics, 2011 3302.1.55.001, Life Tables, 2008-2010 ). An important observation in our study was that about one third of our elderly patients managed without dialysis survived past 12 months from an eGFR below 10 ml/min per 1.73 m 2 , a time when most would be considered in need of dialysis (35) .
A further finding of interest is that patients who commenced dialysis without attending the predialysis clinic had a higher death rate than those who had attended the clinic and this subgroup accounted for all dialysis patients who withdrew at a later stage, suggesting the importance of predialysis education and support.
Symptom Control and QOL
A few studies have addressed symptoms in elderly dialysis or nondialysis patients with CKD and have shown a high symptom burden in all cases, often analogous to the burden carried by patients with cancer (8, 36) . O'Connor and Kumar (27) found only six studies of symptom burden or QOL in patients managed without dialysis, with a mean 7-17 symptoms, similar to our mean of 12. We are Figure 3 . | Survival in patients who remained in the predialysis clinic without receiving dialysis (n=181) compared with all of those receiving dialysis in this period (n=164) and patients in the RSC-NFD group (n=122). Time zero is from first attendance at the predialysis or renal supportive care clinic after a decision had been made to pursue dialysis or not. For the "all dialysis" group, this time point includes the time at first dialysis for the 72 patients who had not attended the predialysis clinic. Data are presented as n (%). The distribution of causes of death differs between the two groups (p=0.001).
not aware of previous prospective studies addressing the capacity to maintain or improve this symptom burden in patients managed without dialysis. We found that although patients who chose a nondialysis pathway had a worse symptom burden than others at their initial clinic visit, it was possible (utilizing the skills of palliative care) to maintain and even improve symptom control in the majority of patients. This is a key finding because many elderly patients and their families wish to consider not only survival but also whether they will have their symptoms controlled as part of their decision to pursue a dialysis or nondialysis pathway. In one study of 30 elderly patients treated without dialysis and 124 planned or starting dialysis, QOL was similar between the groups but satisfaction with life fell after dialysis initiation (37) . This study was similar to ours in that survival and QOL were assessed prospectively. Patients in that study were managed by a multidisciplinary team, although a palliative care physician was not included and symptom burden was not formally assessed. QOL was examined more extensively than in our study; it was clear that QOL was not improved by dialysis but that median survival was longer. The important finding in both studies is that a RSC program offers the capacity to aid symptom control or QOL.
The limitations of this study include the following: it is not a randomized controlled trial, symptom and QOL survey rates were roughly 50%-55% at baseline, and there was an expected bias toward poorer survival in the nondialysis pathway patients. Furthermore, the relatively short followup (for a survival study) also makes it difficult to compare groups because the predialysis group was "selected" according to likely good short-term survival and the RSC-NFD group was selected according to likely poorer survival. A further issue is that we used single eGFR at the various time points; it is therefore possible that these may not have (38) and there were no major differences in patient characteristics between those who did and did not return surveys. Because we did not reassess symptom burden or QOL in predialysis clinic patients after they had commenced dialysis, we are likely to have biased these results in favor of the predialysis cohort. The drop-off in survey form returns over time also limits interpretation to some extent, although this was inevitable in the RSC group with high mortality rates. However, the symptom burden was similar at the initial clinic visit in those who died within 6 months and those who survived past this time, and the improvement in symptom control within the RSC-NFD group is not likely to be a function of selection of less symptomatic patients who survived longer. The strengths of the study are the prospectively defined outcomes, its size (including about 20% of all RSC-NFD patients in the literature to date), the comparator groups being not just dialysis patients but also those planned for dialysis, and the prospective assessment of the capacity to control symptoms and QOL.
The attitude toward accepting patients for dialysis has come a long way since 1984, when almost half of United Kingdom nephrologists would not have dialyzed a 50-year-old man with IHD (39) . Today, the decision regarding whether to recommend dialysis to an elderly patient remains a difficult one.
Nevertheless, some messages are becoming clearer. Elderly patients with CKD with significant comorbidities not receiving dialysis can anticipate a median survival of 16 months, or just over 50% likelihood of surviving 12 months, with one third surviving .1 year from a stage when they would normally have started dialysis. Importantly, we have shown that nondialysis care does not mean imminent death and these patients' symptoms can be managed and QOL maintained with the added expertise of palliative care.
It is recognized that a wide range of factors are taken into account by elderly patients when considering not to start dialysis, including their concerns about suffering (40) . Having a formal system of engaging these patients with both usual nephrology and palliative care services from early in the course of their CKD allows for stabilization or improvement of symptoms in the majority. It also allows for some patients (about 11% in this study) who were originally planning dialysis to change to a well supported nondialysis pathway and for ,2% to change back to dialysis. It is hoped that our findings will be of use in helping clinicians, patients, and their families reach a shared decision about the appropriateness of dialysis for elderly patients.
